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Introduction

38
Tropical peatlands represent one of the largest pools of terrestrial organic carbon (C) 39 on Earth and are found in Asia, Africa and South America (Page et al., 2011; Lähteenoja and 40 Page, 2011) . The ~89 Pg of C held in tropical peatlands (Page et al., 2011) is similar in 41 amount to that stored in the total aboveground live biomass of the entire Amazon rainforest 42 (93 ± 23 Pg C; Malhi et al., 2006) . Despite the importance of tropical peatlands in the global 43 carbon cycle, relatively little is known about the ecohydrological dynamics of these systems 44 and the sensitivity of their carbon stocks to climate change. A greater understanding of long-45 term hydrological change in tropical peatlands, whether driven by autogenic or allogenic (e.g. 46 climate) factors is needed, as enhanced drought is predicted for many tropical areas in future 47 climate change scenarios. 48
Testate amoebae are established as important hydrological indicators in mid-and high latitude 49 peatlands (e.g., Charman and Warner, 1992; Tolonen et al., 1994; Charman et al., 2000) as 50 development of transfer functions have enabled quantitative reconstruction of bog 51 palaeohydrology from subfossil tests (Charman et al., 2007; Lamentowicz et al. 2008 ; 52 Amesbury et al., 2013; Turner et al., 2013; Swindles et al., 2014) . Recent research suggests 53 that testate amoebae show distinct responses across hydrological gradients in a tropical 54 peatland in Amazonia and therefore may have potential as palaeohydrological indicators in 55 tropical peatlands (Swindles et al., 2014) . However, no detailed studies of subfossil testate 56 amoebae preserved in tropical peats exist at present. In this paper we examine the utility of 57 testate amoebae assemblages preserved in a core collected from the same Amazonian peatland 58 where modern testate amoebae were investigated (Swindles et al., 2014) to evaluate their 59 potential in palaeoecological studies of tropical peatlands. 60 2012). It is situated on alluvial sediments between the Tigre River and a stream of the Pastaza 66 fan (Figure 1 ). The peatland formed as a nutrient-rich minerotrophic system that gradually 67 developed into an ombrotrophic raised bog (Lähteenoja et al., 2012) . Aucayacu represents the 68 deepest and oldest peatland discovered in the Amazon basin (~7.5 m thick in the centre). Peat 69 initiation at the centre of the site is dated to c. 8870 cal. BP (Lähteenoja et al., 2012) . dates were retrieved from sieved acid-alkali-acid treated peat with rootlets picked out. 14 C 84 dating was carried out at NERC Radiocarbon Facility (East Kilbride) and dates were 85
Page 5 of 22 A c c e p t e d M a n u s c r i p t   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 5 calibrated using IntCal13 (Reimer et al. 2013) . Testate amoebae were prepared using a 86 modified version of Booth et al. (2010) . As testate amoebae were extremely rare at depth in 87 the core material, a fine sieve of 35 m was used instead of the standard 15 m to improve 88 sample clarity. No small specimens were found in the <35 m fraction. Samples were stored 89 in deionised water before analysis. Testate amoebae were counted under transmitted light at 90 200-400× magnification and identified using test morphology, composition, size and colour to 91 distinguish taxa following Ogden and Hedley (1980) , Charman et al., (2000) Swindles et al. (2015) . Peat loss-on-ignition and humification 101 were determined following Chambers et al. (2011) and Roos-Barraclough et al. (2004) , 102 respectively. Humification determinations were carried out on the same samples as those 103 analysed for testate amoebae. Statistical analyses were carried out using C2 (Juggins, 2007) 104 and R v. 3.1.2 (R Core Team, 2014) . 105
106
Results and Discussion
107
Testate amoebae were in extremely low abundance in the core, which may be related 108 to relatively poor preservation (Swindles and Roe, 2007; Mitchell et al., 2008) . However, a 109 count of 50 or more was achieved in all cases (Figure 3 ). Payne and Mitchell (2009) Difflugia pulex, Padaungiella langeniformis and Tracheleuglypha dentata; however, none of 128 these species are very abundant. The abundance of Trigonopyxis arcula "polygon aperture" 129 increases considerably suggesting drier conditions. There is also an increase in Phryganella 130 acropodia. Reconstructed water-table increased from ~11 cm to ~7 cm and then decreased to 131 ~15 cm in top of the zone. 132 M a n u s c r i p t   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 7 Z4 (50-0 cm) -Relative abundance of Hyalosphenia subflava (major and minor) is high (over 133 50%) in this zone. The percentage of Centropyxis aculeata increased towards the top of the 134 peat profile, suggesting wetter conditions. Additionally Cryptodifflugia oviformis has a high 135 abundance compared to the rest of the profile which may be related to better preservation at 136 the top of the profile. Phryganella acropodia reached ~40 % at the top of the core which 137 might be an artefact of better preservation in the core top. In general, the testate amoebae 138 assemblage indicates rising water table from ~13 to 2 cm. Species diversity is also highest in 139 this zone -providing evidence that the lower levels are being affected by poor preservation. 140
One specimen of the new species Arcella peruviana was found in this zone (Reczuga et al., 141 2015) . 142
The relationship between selected species of modern testate amoebae and water-table The relationship between water-table depth and the abundance of the other taxa is more 147 ambiguous. There is general agreement between the level of humification and testate amoeba-148 derived water-table reconstruction (r = -0.48, p < 0.05, n = 25) ( Figure 5 ), suggesting that 149 both proxies are responding to a common hydrological driver. Radiocarbon dating shows that 150 the peatland began to develop ~ 7700 cal. BP and was characterised by near-surface water 151 tables, potentially as a swamp ( Figure 5 ). The peatland then became drier as the peat dome 152 developed before entering a phase at ~ 6400 cal. BP characterised by a wetter peat surface 153 driven by high river levels. Flooding at this time is indicated by supressed loss-on-ignition 154 values associated with increased deposition of minerogenic material. There is also a shift to 155 increased surface wetness near the top of the profile that may relate to recent increased8 wetness in western Amazonia (Gloor et al., 2013) . However, further detailed dating of the 157 recent peats is needed to clarify this. 158
Tropical peatlands are globally-important climate carbon stores (Page et al., 2011) that 159 are under threat from human impacts and climate change. However, there is a lack of 160 information regarding the ecohydrological dynamics and Holocene development pathways of 161 these systems. Our work shows that even highly degraded, low-abundance assemblages of 162 testate amoebae can be recovered from tropical peats and provide important 163 paleoecohydrological information. While subfossil testate amoebae in tropical peatlands may 164 never provide the level of information that can be gained from mid-high latitude peatlands 165 they nonetheless provide insight into the hydrological variability of tropical peatlands that 166 needs to be considered in global climate models and feedback mechanisms. This information 167 alongside other proxy evidence, e.g., pollen (plant functional types), humification (degree of 168 decomposition), bulk density (carbon and peat accumulation) is important for testing the 169 outputs of peatland development models (Frolking et al., 2010 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 Gloor, M., Brienen, R.J.W., Galbraith, D., Feldpausch, T.R., Schöngart, J., Guyot, J.L., 235 Also shown are the total count of tests, number of slides analysed to achieve the total count, 333 the number of taxa in each sample, Shannon diversity index, water-table depth reconstruction 334 (with errors derived from bootstrapping), and the water-table depth residuals (detrended 335
following Swindles et al., 2015) . 336 Table 1 . Taxa names and taxonomic authorities. All taxa shown are from the contemporary 348 training set from Aucayacu (Swindles et al., 2014) . Those marked with an asterisk (*) were 349 found in the Aucayacu core samples. 350 Table 2 .
14 C dates. AMS 14C dates calibrated using IntCal13 (Reimer et al., 2013) , including 352 2 calibrated ages. 353 M a n u s c r i p t 
